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PURPOSE: A method for fabricating a single 
electron transistor is provided to improve a 
reliability by forming crystallization grains of e 
unit having a granular shape below 5nm at ar 
oxidation film after forming the oxidation film 
width having a several-ten nm. 

CONSTITUTION: in a method for fabricating a 
single electron transistor, a metal thin film of 
predetermined thickness is formed on a 
semiconductor substrate on which an insulate 
layer is formed, a metal pattern for a device 
formation is formed by patterning the metal t^ 
film. A predetermined width at a center of the 
metal pattern for the device formation is 
oxidized. Islands(25) of a predetermined size 
formed on the metal oxidation layer(24). The 
metal oxidation layer has a width below a 
several-ten nm. A thickness and a size of ea- 
island are 10nm and 5nm, respectively, and a 
interval between the islands(25) is below abo 
5nm. Each of the islands has a granuJaf shap 
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(54) ^L^^SSS OlSth 





^ ^'g^ ^^x\\ A-)!d(wire)0]| SPM(scanning probe microscopy)^ OlgoK)1 4^^nm ^2] <lL^lf°ie §^6^^ 

e!X|>tEl^ £|HM-SM(Lift-off) SSOlU ^^^(etchlng) S§e SSH ^^Qt A||^(wi re)Oil(flH© 

Oil) SPM(scanntng probe microscopy)^ OlgafOI ^^nm tl^^m ^ 3 <5i[sfQ|01l 5 nm 0\o\9\ &aoi 

(granular) nm gSil MM ^^A|^ B^SXF M^XI^^EIM J^l ^ i,^ ^ ^ . 01 M m &?1£| ^SiieOl 

B^SXf ^gHXl>iEjS| Of^gj^(island)^ ^mB\0\ ^^^01 D\^o\0\ . M^0\ mo\mO. SE§^. Ely §«oi 5:?jO| 

°s Ei^ s^ai giol sssMB 6151^ 4lX^^A^ ^sfetha. ch^oi ^>ia naiei A^ols 4^4) nm bj\^ 
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£ 2fe s ^^goii mm Bss» ^^xi>iEi£i :?H^^ej es£. 

£ 3a LHXI £ 3cfe £ 2°J B^SXf ^gHXI^^asj By\m. g§^£J BS£. 

3di:Q £ 5a L4iX| £ 5d^ £ 421 E^^SX^ M SH XI rii E-i SI SS^SI Ba£Oli:f. 

I. Si/Sipe 2. 

3. £aiei 4. o^^'^£ 

5. Ely §^ 

II. SOI 12. tiii^ 

13, £eiiei 14. EJXKOf^a£) 

15. ^SX^I 20. 

21. Si/SiO^ 22. 

23. £ai|oi 24. 

25. 0^^§1£ 

31. SOI 32. 

33. £5|l&] 34. SiQ 

35. o^ga£ 

e ^^S^ aiHM-2H(Llft-off) g§0(U ^^^(etching) g§e goH &}£xll >c|l<y (wi re)01l 

SPM(scannlno probe microscopy)^ OI§aF01 4^^nm §Sa^^ U£mEi B^Sj ii^s} S§S OI§e^ B^'S 
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£ la Si £ 1b^ ^£H2| B^' EX\ m^X\±Eim9\ ;H^^^ eSSOICI. SEH£I a» eg«x|>.Ei^. £ 1aOil 

£A|£! dfSf aoi, gojoj =j„o| siQ ^3°|(ib)e :>ie(1a) 4f0|| ^^(source)(2)a Eeil2i (drajn)(3) M 

OlOII 2Dm §^(tunnel barrier)(5)e eiSOi 0^^e!H{ island)(4)S gSAI^ ^SOIIHU. a^S £ IbOil £AI@ 

tifSf ^^01, Sojoj ^p„oj SIQ ^^°^(llb)S ^'^le :?|5f(iia) A^o|| ^>^(i2)2f EBi|o](13)M §St[ m, ^^XW 

(15) ^Oil S^OIU ^y^mm m^l^m. PVD) Ifs^^COll. CVO) m^'m mm UlnOI9(nm) B:>l2i ^^aOI(granular) 

3dHU. gei T.Wada etal Jpn. J.AppLPhys 34.126(1995)6961011 d}^^, E laOII SEA|@ U^2f 2Xf 

Xlr^EiSI 3¥ 0f^£!H(15)H| 3:?IM Ui^zOlEi 3^1:^ ^^oMI JtllOim^ 2!0| 0H¥ OlgCf. ^oL SXfgJ £I^D£HE|(E 
-beam lithography) gge OlgAI Eiy§«M g^^l ^oH SSS IH^O^ 6^D^ fe^SOllAl ^re6^fe 0^gaH2| a:?l 
m mo\m^ >12J M::'^^a^a. mt\. K.Matsumoto et al AppI .Phys.Lett 68(1996)34011 Ojse, SPiyi( scanning probe 

mjcroscopy)m Emm ^9- EHy s^o\ ED\mo\\A-\ ms}^D\ mrnow ^^x\^e\£\ xh^^oi sa^gia. 

ZldlH §,^I2gel W.Chen etal AppI .Phys.Lett 66(1995)3383 A.Dutta etal Jpn. J.AppI .Phys 36. 68 ( 1997)4038011 

, £ 1bOil £A|^ bF2f ^^S B^' 2X^ MgHII^E12| g^, Of^eiE(14)5i SS6^^ ^>^(12)a HeilB(13) A^0| 



e ^^S^ ^OI£f ^X^ISM ^HdSFIIXf SBE ^l^s, =^ d>£jt|| A||^d(wi re)0|| SPM(scanning probe 

microscopy)^ OlgafOI §^o^ ^ 3 >i^s|Q|0|| 5 nm 0\o\9\ Waoi(granular) 2.2^2] nma?|£| g 



eiiB AFoioii ±^9\ m^^ ^ifSfMS &^oii gse 3:^121 ohseiHeig ^ 

^ ^^SOII 2iOiAH. 401 eiSX^I D\m^ Si :?ieoi3. ^^::^l ^B#^ sips a^£IDl. =^«fQ|S 50 nm 0I6^2| ^ 

3)11^ g^£jO|. 401 <i^sfMgB nm OlSfSj §S£ICH, OF^SHSI ffl 33|fe 10nra * 5 

nm 0I6F0I3 OF^ijH ?}9\ 21^01 5nm Ol5^ei 5^01 m^'^mQ. 

^^011 o\m^ ^^«^qim g^^m3 iiHEHyaFoi dt,x\ i^g nHee m^sm^ (u) 

^» §ag sHesi es>^^oii ^§ ^m {^mMBi^ ^i^sf^e §sb:^i: s (d) ^^oil 4: 

§ 317151 O^^eiHMM B:>1I;M Si^mfe 5!e ^§0^ ^Q, 

^ m^m sioiAi. ^^:?i ^^x\\ d\b^ s\ D\mo\ii. m&ms si d\b R^m {L^mMd\7m Shrm m^'om 

SS£ID1. S^svov^ pvDS so cVD^o^ 50 nm Olo^£| gsfmffl. &0| fflieS ^'S^g dlH^-. 

S0IIA1 {^s}Md^ ^4' nm OloFSj so^ S^mCH. 0^g!&H^ ^^£x-ll ^B e*^6^^A^ esfSZjM S§6K)4 

¥3)il ai 3:?Pf 2|2| lonm ^ 5 nm 0|6F£j ^^^01 22,^^^ SS6^^ 2!0| df^^'efP. 

SE£.^ ^oi2i ir^api ^lafoi g ^^soii tn^ 5^ am b^s» M^Hxi^Eife, sfsxii ^:>i ysxii 

^^011 ^sa; ^^oii ±s o\b\9\ ^e^m ±s ^221 g^ge £S8K)i ^ 
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^ ^ Heiiei: ^^2i ±^ ^ EEiloi A^OIOil ^§2^ SSS S^£fll2J ^^L^S^gS; 

^ 2t3t lOnm * 5 nm 01 ami 10. O^ggjH 2!2| ^^0\ 5m 0|5^el 3J0I tifS^lo^CI. 

5E§h, ^0|2f ^^6PI 9\B[0\ S ^^SOll ttF^ 5E QB B^EJJt ^^X\±Ei2\ SSB. Olo^£| 

^2HiM i^^fe SOI D\m ^^^£1 si#e DHEiys^oi 4^x^ s^s SI DHiis s«a^^ B3ii: ^oi Si mesi db§ S^OII n« 
g^§M ^<jlui9^ ^eii&ie gS6^^ ±± ^ Eaiei A^olOil ^21 Si m&m ^^sfAi^i s'km 

m m^ol^ SiQS ^^01! ±^ BD\^ 0^^•e^HMg g^6^fe BD\\:m S&S^fe 31§ ^S2S thCf. 

s ^'soii 9io\M. s Haieie Si iiH0°i s^oii ps M^gs s^^^Al5^ sssm, ±± ^ 

HaiSl^ SI imesj ^§ S«01j pg OIBM ^^A|34 g^mCH. ^Ol Siee 50 nm OlofSJ 8^6^ 

D1. ^Ol SiaS^ ^Ol Si HHidM SPM^^ <!i^s}A15|>m Bi^DEHEIgg OigafOI ^OIlAi <:l^s^A|3^ 4^^ nm Oim 

lOnm a 5 nm Oio^oj ^^iSOl S^6f^ 5!0| ti^^2!6^P■. 

£ 2^ ^ ^^soii mm B^sxF M^xi:^:^Ei2j ^.xi cf^^oia. seai^ d^sf ^^oi. h ^^goii mm B^sx^ 

M?iiXI>iEj^, Siae(21b)OI Si ?IIOm-| :?ie(21) ^^Oil 50 nm 0I6FSI OI^CHSI ^± 

(source)(22)£f HSiei (drain)(23)0l ^blSIZ. H A\0\0\\ ^mmm{24)0\ 4=4J nm°j ^9,^ g^fl 

01 <i^£^gS(24) 4^011 UicOIEi(nm) 3:^12,1 &aO| (granular ) 2gf£| 0Fa&iH(25):?h SSS ^SOICf. 

eiXi. H20I tLmB ?IIOI^^ (wafer) :?ie(21) ^^Oll SE SaOil EAI^ U\2!t ^D\\ 50 nm oimsj =^ 

M Mai^(PVD) lfs|x|(cvD) ^^go^ e^'eh DM. ^^^011 2|s} HHEH^^^ HeiieJ. :HI0l^(Qate):?^ m 

flHe(20)M §^6^:?-IU. £l^M-£^ SoH SSOl <i^sf^ Si ^I0IEH(21) &^01l 50 nm 0im ^MS\ 

^ >iioi^:?^ g nHe(20)g s^t-^a. 
cfMoii. £ 3boii £Ai& b^2l &^oi. ^y^mm mm ^^£f naieig m^izo) Amisj eei ^xioii 4^^nm ^ 

£1 iySfe|(24)M SPM(200)0il SioH S^6h:>iU £l4i32HEI( I ithography) SSS eSH <i^sf ^(oxldat ion 

furnace)0||Ai 4^^'nm ^21 <^L^^^^(24)M 8^§^D. 

DSOil, 0|2f '^^01 {^m^(24)0{\, £ 3cOI| £A!£| Uf£f ^^01. ^ffll 10 nm 01^21 ^^£xll s^mg gsfe^ 

m gSf 52jg S^S^OI 5 nm 016^21 ^^iSOj 22,^21 U£D|Ei 3?|2| l§(25)gg SStha. 

0|£f aOI M^B e^'2Xf MgHXI^iEiOll 910\M, U^DIE^ E+?|2| ^§M(25)S OF^SH^ OlgaMI £]^QI, OF^^H 
2f Oh^e!2 AFOIOll^ ^ 5 nm 0|a^2i oiSe}(hole)OI SiD. 01 OJSZ^OI EiyS^2S ^mmn aCH dlil^ 9HIIH 
Aie>i (capacitance) SiO\ ^mO\ D\^tm :4t^(22)2f 2eiiei(23) A^0|2| >i£|(^ 6hSfge|(24)2| s)g 

5[:>ii8F0i o^^e^2 ^x\m ^ Ji\o\Bm u\o\b^ %'mo\(\} f^) §££i e a^2^^g ^^a. 

£ 4^ s ^^soii cDe £ QB MeHxi>^Ei2i :)H^2joi eesEoia, seai@ dfa aoi. ^aioh^. si 

g2i ^IHi:^^ 50 nm 0\m21 SOKsilicon on insulator) :?ie(31 )Oii AH SigOII ^<iKdi f fusion) 0|g ^S(i.on- 

implantation) SgOj ^'A|£jCH r-Si P.-SI2I 4: >^ (source) (32) 2f £21Ioj (drain)(33)0| ^dlSlH. 3 AFOIOII 

e^tl ¥J)il2| Sia ^mB(34)0\ nra2J ^og g^£JD1, 01 t^mmiZA) ^0{\ UiiiOIEi(nm) 3:?I2I ^^2801 
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(granular) eS£j 0^^gjH(35):?F m^B =?^0\a. 

aXH. Si#£l 50 nm 0\o\21 SOI :>ie(31)01l AH SiSM IIHEiymOi £E 5a0i! £Aia bh2f ^01. Eaiei. IHIOI 

^(Qate):?^ m Si imeoDg s^i^a. 

CfgOII, £ 5b0)l £AI9 d^£f &^0|. H^ieie Si nH©(31') AmiHI 9\X\0\\ ^^m SSSIIXI^^ HHS 

(36)S §S6H) SigOil ^<:iKdiffuslon) ^S 01^ ( ion-iniplantat ion) §§§ Smd .-Si ^S p.-Si2| 
(source) (32) 2^ HaiSi (drain)(33)e SS^^D. 01 OH. ng pS M^MSJ 1«/cnP 01 

DMOil, 5£ej|X|>iM nHe(36)M m^0\ MDi^^H, £ 5cOII £AIS H^2^ gOL :4t>^2f Heil2Jg IBI©(3r) A^ISi 
?lxlOII 4^^nm <i^Ife^(34)e SPM(300)0il 9\m m^mDiU £I±Z12HIII ( I i thography) 5§S S8H 

(oxidation furnace)Oil AH ^^^nm t^m^l34)m SSf^P. 

DMOIj. 0|2f ^^01 m^B ^m^H34)0\\, £ 5d0il ^A\B bF2| ^01, ^^1 10 nm OI6^£j ^S ^^£x■{| ^^^^M S^^6f 

w §sf i^6K)i 5 nm 0|6^2^ wisol egTsj ui:ioiEi &¥isi ms(25)mm m^^Q, ois^ aoi jgisrs b^s 
^. oi^^a as ^^go^ 1-11^^3 B^EXi ^^x\^E\o\\ 9io\M, ±±2i Haiej Moiwi s^s :?^6^^ ssi a&oii ois 

a-IAlO^ ^^D\ ^BQ. 01 [ffloj gj£| S&^M ^gMa-i^ilOIH a((k)ulomb blockade gap) S&OISI ¥^01 m,^X\ 
3iS SAh 5^U:?^ :4^:i^0ilAH O^^gjE^ EiygOll WtE} 0^^gjH01l gS(charging)OI mO\U CH OI^^SI «>0^ 
4= 2i:'l CCH^OIP. 

01 e2 oiiLHXj b oiiunxis ^iioiMoii ss6^^ ^eMan^iioiH^ ^'Oiuxi a^:Hi£icH ^^:)\ mmo. 

3£HH^ H&iieJ AFOIHI S^^M ^eMdi^lOIH ^ 32.^ 016^^ I1SAI5I32 :>il0ie QETM S^o^S :?|g2| 3 B 

X^ Mg!!XI^£i£f ^Af5h:HI :^?lll(switchinQ)0| ^OIBCL 



0|^^ b^2^ aOL e ^^SOII B^SI^ MgHXl^vEj^ £IHM-SH(Lift-off) SSOIU ^ij SfCetching) S§e 

S6H *S ^^ar A-il<y(wire)0ll(iIHe0ll) SPM(scanning probe microscopy)^ OlSsK)! ^^^inm ^21 

m ^ H <:ihs[5-^011 5 nm Om9\ ^^i^OI(granular) e^^£J nm B^9\ MM g^Aj^ B^SXf ^^Jl^^aS 

fl|^§^oSMi. 01 m nm B^9\ ^SiiMOl M^J|>iE|£J OF^ H(i si and)^ ^^g6f0i ^B ^mO\ , 

M^Q\ eoiafCK SEE}, ay ^^^oi g::>ioiH^ eh^ s^sj ^^fi^f aoi £5ii§ei <y^^ ^x^sah 2^^g^c|. ch 
^01 ^>^a Haiei afoim nm a:>i^ xiioi^ 4- 9io\ oFoias sniioi 21 oib^i b ^m^m 4^ siq. 

caafAH ^ ^^SOll SloH M^B B^'SXr M^XI^^Ei^ XFAIICH 2lia^(1 Tb) DilSei (memory) S S^! ( logic)OII §S§ 



(57) &^SI ^:^9f 

1. '^^n\ 

^mB 

^SS ^^oii ±^ o\t\9\ ^^fi^o^og ±± % Heil2J; 
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gss ai Heiie." afoioii ±^9\ ^m g^a 

2. JJIISOil £iO<AH. 

3. ;ill1S01l 9JiO\M. 

401 S^arojs 50 nm 016^21 g^Si ^S^S ^i^S^S§§ Olggf B^SXf Sax|:^E|. 

4. AlllSOll SlOj/H. 

^^sJm#e nm OI6h2J 3ig ^S^g ^^SfS§e OlSff eSSW MSIXI^iEi. 

5. misoii aiOiAH. 

0^^&H£| ^3)11 S a:?!^ lOnm ^ 5 nm OI6^0II2 OF^»e!H 2}9\ 21^0\ 5nm 0m2i 31S ^S^^ 6^fe 

s?s 6. ^2^eoi g^s ^^xi\ D\B ^^m dtiS o\ms\ ^^^o^m m^mji nHsymoi ±j} g^s 

(u) g^s m^2\ e&¥oii riis <:i}sfAi5i^ =^ ii^if^s sy 

(a) 4^:?i ^^oii ^§ bd\9\ o[^^E.mm m^t\^ &5ii;s 

7. Aiiegoii sioiAH, 

401 Si :?l&^olI2. 4^:?| ^^se Si sss <i^sfAl^l:HU s\pm m^mo\ m^B 2!e ^SH 

8. m^^OW 9iO\M. 
S^S 9. .liiet^OlI SiO^AH. 

5i HIS ^^s. 



10. ;3I6S0!I 2iO]Al. 

nm 0|6^S| g^sj ^gog ^^^g§g OlSth BSSXF MaUl^^asi Jiilli g^a. 

11. XlieSOil 2iCH/H. 

12. «^£x^| D\B\ 

40| ^^01! ¥3)11 0|6fo] ^^£zil s|Q|Oii ^£oj M^MS £1I6K)4 ^ HBilSJ; 

^ee ^ h^ioi a^oioii ±s9^ g>£^ ssa {^mmm: 

13. M^2%}0\\ 9iO\M, 

14. 7ai12S0|| SiOiAl, 

H^£aiI 50 nm 0|6h£j ¥2?il^ ^M'^ijo^ <i^SfS§§ 0I§& ^gHxi^El. 

15. ;3l12i}01l SiOi/H. 

S?S 16. Xll12i^0il ?iO\M, 

<i^lfMS^ 4^^' nm 0|5^£| 3iS ^S^^ a^fe ii^5fg§g 0|g& B^SXf MSilXIri^El. 

S=?S 17. X-Il12i^0il SiOiAH, 

^Ol Oh^'£:^5:iJ ^ b::?!^ lOnm iy 5 nm OI6miIl. 0^^'&!E 2}9\ ^^^0I 5nm Ole^oj 3Sg ^gjog oFfe 

s^s 18- oim£] ^mm soi sism sHaymoi :4^x^ si imes §^6f^ 



s HBiiei Afoioii ±^ ^9\ SI m&m <i^s^Al3^ sigsg s«6^fe 



19. 



^ EBiiei^ si iiHiisi ^i^s ««oii p§ M^gg mt^AiB^ m^m^ as 



20. 



21. xiiie^^oii slo^A^. 

22. XlllSifOil 9iO\M, 

23. 7^1181^011 SiOiAH. 

Of^ejHfe S^^^SAH gs,^ 5>!g SSmoi ^TNI si a:?PF lOnm S 5 nm Oimei 
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